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ABSTRACT: Hyperhidrosis is a common and under-recognized disease in the pediatric population that
has a significant impact on quality of life. Focal and generalized forms of hyperhidrosis exist, which can
be idiopathic or secondary to underlying medical conditions or medications. Treatment is tailored to
the specific patient needs, characteristics and goals. These include topical preparations, iontophoresis,

botulinum toxin and anticholinergic medications.
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Introduction

Hyperhidrosis is defined as perspiration in excess
of the physiologic amount necessary to maintain
thermal homeostasis. It is known to affect approxi-
mately 3% of the population in the United States
and at least 176 million people worldwide (1). The
prevalence is likely significantly higher than cur-
rently estimated because it is both underreported
by patients and underdiagnosed by physicians,
especially in the pediatric population. One study
suggested that 1.6% of children and adoles-
cents under 18 years of age have primary focal
hyperhidrosis (1). In one survey of patients with
hyperhidrosis, only one-third of patients had con-
sulted a physician, often because of embarrass-
ment (1). Irrespective of the etiology of
hyperhidrosis, this condition causes significant
emotional and social distress (2). While it is
acknowledged that early diagnosis and manage-
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ment can significantly improve a patient’s quality
of life, hyperhidrosis remains widely undertreated,
particularly among pediatric patients.

Background

Hyperhidrosis is divided into primary and second-
ary, and can further be delineated into focal or
generalized. Primary hyperhidrosis is idiopathic,
whereas secondary hyperhidrosis has an associa-
tion with an underlying medical condition or
medication. Primary hyperhidrosis is usually focal
(primary focal hyperhidrosis), bilateral and rela-
tively symmetric (3). Axillary disease is the most
common, affecting approximately one-half of
patients (1,3). This is followed by palmoplantar
disease, which affects up to one-third of patients
(1). Patients with primary hyperhidrosis can also
have generalized disease with varying degrees of
severity; affecting the axillae, palms, soles, face,
scalp, trunk, or other areas of the body; as well as
any combination of sites. Focal hyperhidrosis
typically presents at 14-25 years of age, although
children with palmoplantar disease are often
symptomatic as toddlers (1). Approximately
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one-half of all patients report a positive family
history, and a family history is more often seen in
pediatric patients, where an autosomal dominant
inheritance pattern has been suggested (3-5). Sec-
ondary hyperhidrosis is most often generalized,
but in some cases, it can be focal.

Pathophysiology

Evaporation of eccrine sweat is the major
thermoregulatory mechanism in humans. Eccrine
sweat glands are found on all skin surfaces except
for the external auditory canal, lips, clitoris and
labia minora. They are in highest concentrations
on the palms, soles and axillae. Sweating of the
palms and soles can begin at birth, but axillary
sweating typically does not begin in a significant
amount until puberty (2). This account for the
observation that isolated palmoplantar hyperhid-
rosis is more common in pre-pubertal onset (5).
Approximately 4-5 million sweat glands exist on
the body, and a well-acclimated person can secrete
up to three to four liters of sweat per hour in order
to maintain thermal homeostasis. These glands are
innervated by postganglionic sympathetic fibers
and acetylcholine is the major neurotransmitter
involved (6,7).

Although the exact pathophysiology of hyper-
hidrosis is unknown, studies have shown that
patients with the disease have glands of normal
size, density, location, and histological appearance.
Acetylcholinesterase is also normal with regard to
quantity and function in these patients, suggesting
defective clearance of acetylcholine is an unlikely
mechanism of action. Many physicians and
researchers believe the mechanism of hyperhid-
rosis to be a hyperfunction of the eccrine glands,
the cause of which has not yet been elucidated
(7-9).

Impact on patients

Hyperhidrosis is embarrassing, uncomfortable,
anxiety-inducing, and at times disabling and iso-
lating. It impairs the social, physical, leisure, and
occupational activities of patients who suffer from
the disorder. Patients avoid social interaction and
physical contact, often reporting decreased self-
confidence and at times depressive symptoms (1).
Although emotional effects are prevalent, function
limitations are also common. For example, in
patients with palmoplantar hyperhidrosis, difficul-
ties range from inability to effectively grip a pencil

to difficulty operating a touchscreen. While obvi-
ously not equivalent, both can have significantly
detrimental effects for the patient.

When compared using standardized and vali-
dated quality-of-life measures such as the Derma-
tology Life Quality Index (DLQI), the negative
impact of hyperhidrosis has been shown to be
similar to psoriasis, Hailey-Hailey disease, severe
acne, pruritis, and atopic dermatitis (10). However,
far more improvement in DLQI is seen with
treatment of hyperhidrosis than other severe
dermatologic diagnoses. Children and adolescents
living with hyperhidrosis often experience this
impact most profoundly, as the psyche is still
developing during these formative years. Growing
up within the confinement of this socially ostraciz-
ing disease can be extremely detrimental to a
child’s development of confidence and sense of
self.

Differential diagnosis

A thorough history and physical exam must be per-
formed to differentiate focal hyperhidrosis from
the generalized form, as the treatments may vary
depending on body site or sites involved. It is also
important to consider secondary hyperhidrosis,
especially in patients with generalized sweating.
This may require an extended review of systems as
well as a separate diagnostic evaluation. Secondary
hyperhidrosis is most often related to an underly-
ing medical condition or medication effect, as
seen in Table 1. Medical conditions resulting in
hyperhidrosis vary widely. In pediatrics, common
associations include infection, endocrine abnor-
malities, and malignancies. An abnormal increase
in sweating may also result from neurologic or
cardiac dysfunction, as well as congenital disorders
(11). There are a great number of prescription and
over-the-counter medications that can lead to sec-
ondary hyperhidrosis, many of which are also com-
monly used among the pediatric population (11)
(Table 2).

The principle diagnostic criteria of primary focal
hyperhidrosis dictate that at minimum: sweating
should be focal, visible, excessive, and lasting
greater than 6 months without apparent cause. In
order for complete diagnosis, the sweating must
also meet two or more of the following criteria:
bilateral and symmetric; impairing daily activity;
more than one episode per week; onset before age
25 years; positive family history; and cessation
during sleep (3).
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Table 3. Hyperhidrosis disease severity scale

(HDSS)

My sweating is never noticeable and never Score 1
interferes with my daily activities

I:] My sweating is tolerable but sometimes Score 2
interferes with my daily activities

C] My sweating is barely tolerable and Score 3
frequently interferes with my daily
activities
My sweating is intolerable and always Score 4

interferes with my daily activities

Evaluation

As mentioned previously, a detailed history, review
of systems and physical exam are important in the
evaluation of all patients to exclude secondary
causes of excessive sweating. Location, duration,
family history, age of onset, timing, and triggers of
sweating are all important to elucidate. Typically,
no laboratory studies are necessary to evaluate
characteristic primary focal hyperhidrosis (3). If
secondary hyperhidrosis is a consideration,
screening laboratory testing may be useful, based
on positive history, review of systems or physical
exam findings.

It is necessary to establish the severity of a
patient’s sweating and assess the impact on
quality of life. Several quality-of-life tools and
measurements are available, but not all are suit-
able for routine use due to length or complexity.
The most commonly utilized and most helpful to
practitioners is the Hyperhidrosis Disease Severity
Scale (HDSS), a disease-specific questionnaire
that is a qualitative measure of severity based on
patient reported effect of sweating on daily activi-
ties. The HDSS is a four-point scale, on which
a score of a three or four indicates severe
hyperhidrosis. This office-friendly tool has been
validated and shown to correlate well with
gravimetry, with a two-point improvement reflect-
ing an 80% reduction in sweat production (12)
(Table 3).

A minor starch-iodine test is another useful
tool that is safe and easily performed in any office
and can help evaluate specific areas of focal
hyperhidrosis. In this method, a thin layer of an
iodine or betadine solution is applied to the area of
interest and allowed to dry, and then corn starch
is brushed lightly over the area. The light brown
iodine color turns dark purple when sweat is
present. Starch-iodine preparation is also very
helpful before botulinum toxin injection to
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FIG. 1. Minors starch iodine test step 1: application of
iodine to area of interest.
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FIG. 2. Minors starch iodine test step 2: after iodine dries,
apply a thin layer of cornstarch to entire area.
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FIG. 3. Minors starch iodine test step 3: color changes from
brown to purple in areas that sweat.

delineate the treatment area (12). Photos of the
treatment area after this application can be used to
prevent erroneous injection or the need to repeat
the test at subsequent visits (FIGS 1-3).
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Management

Treatment of hyperhidrosis is best selected based
on the body site or sites affected and can be classi-
fied as non-surgical and surgical. Age of the
patient, previously failed treatments, and insur-
ance coverage can also affect the modality chosen.
Non-surgical therapies, which will be the focus of
the remainder of this article, include topical anti-
perspirants, tap water iontophoresis, botulinum
toxin injection, and anticholinergic medications.
MiraDry microwave technology is a new therapy
designed to ablate sweat glands that has been
shown efficacious in adults but has not yet been
reported for use in children. Surgical treatments
include focal curettage or liposuction of sweat
gland-containing adipose tissue and thoracic
sympathectomy. One study suggested that children
may tolerate thoracoscopic sympathectomy better
than adults for palmar hyperhidrosis due to a lower
rate of and milder compensatory sweating; yet
close to 70% still suffered some form of compensa-
tory sweating (13). Given the risks of surgery and
lack of long-term data on satisfaction and recur-
rence, surgical intervention should only be con-
sidered after failure of standard non-surgical thera-
pies and should be approached with caution in
pediatric patients.

Topical therapies

Topical therapy is usually first-line in treatment of
primary focal hyperhidrosis, especially in children.
Aluminum and zirconium salts are the most
common active ingredients in both over-the-
counter and prescription antiperspirants. These
salts are thought to mechanically obstruct the
sweat pores and can be used on virtually any area
of the body (14). These compounds do not alter
sweat production, but rather they affect the release
through the ducts, with normal sweat release
returning after epidermal renewal. Aluminum
chloride hexahydrate 20% solution (Drysol®,
Hypercare®) is the most commonly prescribed
agent. These topical antiperspirants can be very
effective but can be limited by pruritis and irrita-
tion that is caused by the formation of hydrochloric
acid in a chemical reaction between the aluminum
chloride and moisture present on the skin surface.
Application at night on a very dry, non-occluded
skin surface can reduce this irritation substantially.
Applied medications should also be washed off
in the morning, before daytime sweating begins.
Although it is generally recommended to begin
with nightly application, patients are often able to

decrease frequency of use once dryness is achieved
(14).

There are several other topical options for
patients, both prescription and over-the-counter.
HydroSal®, a gel formulation containing 15%
aluminum chloride and 2% salicylic acid, is avail-
able without a prescription (15). Over-the-counter
clinical strength antiperspirants containing alumi-
num zirconium trichlorohydrox can also be effec-
tive as solitary agents for some patients with
hyperhidrosis, often with less irritation. These are
also most effective when applied at night, when
basal sweat production is lowest, which allows
maximal plugging of sweat ducts. Lastly, topical
preparations containing anticholinergic medica-
tion can be acquired from Canadian pharmacies
but are not available in the United States and are
not approved by the Food and Drug Administration
(16). These should be used with the same caution
as systemic anticholinergics.

The safety profile and non-invasive nature of
topical therapies favor their use in the pediatric
population. They remain limited by skin irritation,
compliance and potential decrease in efficacy
in patients with such severe sweat production
that plugs cannot form. Because plugs occur
in superficial skin, they are shed with natural
skin turnover, requiring daily maintenance appli-
cation for efficacy. It is also important to note,
when discussing aluminum salt preparations, that
research has not shown an association between
these compounds and Alzheimer’s disease or
breast cancer. In fact, many nationally recognized
organizations, including the American Cancer
Society and the National Institutes of Health,
have released statements discounting the alleged
association.

Iontophoresis

Utilized since the 1930s, the technique of tap water
iontophoresis uses an electrical current to intro-
duce ions into the body through acrosyrin-
gium, where the resistance is lowest in the skin.
The mechanism of action of iontophoresis in
hyperhidrosis is not well understood but likely
also involves the obstruction of eccrine ducts (17).
Similar to topical antiperspirants, epidermal
renewal leads to return of sweat production. Due
to anatomical and functional constraints, ionto-
phoresis is most effective for palmoplantar
hyperhidrosis. There are many different strategies
regarding treatment regimens (17-19). In general,
20-minute treatment sessions are started at 3-5
times per week until the patient achieves dryness,
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generally at 2-4 weeks. They are then spaced out
slowly to longer intervals of every 7 to 10 days, in
order to maintain dryness. At times, anticho-
linergic medications are added to the water, which
has been shown to increase the duration of dryness
(20). Iontophoresis has been shown effective in
studies that have included pediatric patients
(20,21). Reduction in sweat intensity and overall
satisfaction has also been shown in a pediatric
population after treatment with iontophore-
sis. Interestingly, although this population was
receiving treatment for palmar hyperhidrosis,
subjects noted decreased plantar sweating as well,
suggesting a possible biofeedback mechanism
(21).

Patients may elect to receive treatments in the
office or with a home unit. Two units are FDA
approved for use, the R.A. Fischer Galvanic
Iontophoresis Unit and the Drionic Home Unit.
Although there have not been any head-to-head
comparisons, the Fischer unit has been shown in
several studies to have an improvement rate
greater than 80%, whereas the Drionic unit led to
improvement of approximately 50% (22,23).

Tolerance of iontophoresis is widely variable,
but side effects are generally limited to mild “pins
and needles” tingling and erythema. Less com-
monly, painful stinging, itching, small vesicles and
mild shocks can occur. Contraindications to
iontophoresis include pregnancy, pacemaker or
defibrillator, significant arrhythmia, and epilepsy.
A metal implant or joint replacement in the path
of the current can lead to a painful sensation
and these should be evaluated as a potential
contraindication for that extremity. Of note for the
pediatric population, orthodontic braces are not
generally considered a contraindication to treat-
ment (FIG. 4).

FIG. 4. Iontophoresis.
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Botulinum toxin

Intradermal injection of botulinum toxin, a purified
protein derived from Clostridium botulinum,
blocks the sympathetic stimulation of sweat glands,
thereby decreasing sweat production (24). Because
onabotuliunum toxin A is the only injectable
treatment that is FDA approved for any type
of hyperhidrosis, it will be the focus of this section.
Although it is only FDA approved for axillary
hyperhidrosis in adults, onabotuliunum toxin
A can be used for many other areas of focal
hyperhidrosis, such as the palms, groin,
inframammary and suprasternal area, face, scalp,
and soles of the feet (25-30). It has also been used
safely in pediatric patients, although use can be
limited by pain from injection.

Axillary treatment is most common and gener-
ally requires 50 units per axilla, given in deep
dermal injections spaced 1.5-2 cm apart. This
results in approximately 10-15 sites per axilla. As
previously mentioned, a minor starch iodine appli-
cation can be used to help delineate the necessary
treatment area. Almost half of patients experience
resolution of sweating within 1 week, and the
average duration of improvement is 6-8 months
(31). Injection site discomfort and bruising may be
encountered, but both are generally very mild.

Treatment of palmar hyperhidrosis with
onabotuliunum toxin A is not FDA approved but
has nonetheless been reported with relative fre-
quency in the literature, including pediatric
patients (26). Typical required doses are higher
than in axillary treatment, with 100-200 units per
palm often necessary. Spacing of injections is
somewhat smaller, because of decreased diffusion
in palmar skin, which often results in 40-50 injec-
tion sites per palm depending on the treated
surface area. Onset of action is similar to axillary
therapy, but duration of improvement is shorter at
4-5 months. One study in a pediatric population
(mean age of 11 years) showed successful control
of excess palmar sweat production for a mean
duration of 7 months with improvement in quality
of life (32). Transient small muscle weakness
can be encountered when treating the palms;
however, normal function often returns within
several weeks. Every attempt should be made to
remain superficial when injecting over the thenar
and hypothenar eminences of the hands to
prevent loss of grip strength. Injection pain is the
limiting factor with this treatment and multiple
different strategies have been employed including
general anesthesia, nerve blocks, ice, vibration,
and pressure.
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Regardless of the treatment site, contrain-
dications to the use of botulinum toxin A include
pregnancy, local infection and neuromuscular
junction disease such as myasthenia gravis (24—
30,33). Of note, there is a black box warning for use
of botulinum toxin A, associating generalized
muscle weakness and respiratory difficulty result-
ing in hospitalization and death in children with
cerebral palsy treated for muscle spasms. These
significant adverse events have occurred hours to
weeks after injection. It is important to note that
the doses of botulinum toxin associated with these
events were greater than those generally used for
the treatment of hyperhidrosis.

Systemic medications

Many authors feel that it is most prudent to choose
systemic therapy when hyperhidrosis is general-
ized or significantly includes the craniofacial area
(34). Systemic medications can also be a valid
option when there has been failure or intolerance
of a first-line focal therapy. Oral anticholinergics
are a mainstay in the treatment of hyperhidrosis,
although use is based on anecdotal evidence or
very small trials. The majority of evidence is based
in the adult population; however, these drugs have
been safely used in children for the treatment of
hyperhidrosis as well as other disorders such as
excessive salivation and urinary voiding dysfunc-
tion (35). As competitive antagonists of acetylcho-
line, anticholinergic drugs block sweat production
by blocking muscarinic receptors in the sympa-
thetic pathway (36). Unfortunately, the blockade
of receptors cannot be limited to only the eccrine
glands, and side effects of the medications such as
dry mouth, blurred vision, urinary retention,
tachycardia, and constipation may limit their use.
The potential to overheat with activity must also
be considered a side effect, especially in children
and in patients who spend time outdoors in a
warm climate. These medications should be used
with caution in patients with arrhythmias, bladder
outflow obstruction, and gastrointestinal disor-
ders. They are contraindicated in patients with
pyloric stenosis, paralytic ileus, myasthenia gravis
and narrow-angle glaucoma. Although neither is
FDA-approved for hyperhidrosis, glycopyrrolate
and oxybutynin are commonly used anticho-
linergic medications for the treatment of hyper-
hidrosis in adults and children.

Glycopyrrolate is the most commonly pre-
scribed anticholinergic medication for hyperhid-
rosis. Doses of glycopyrrolate necessary to control
symptoms of excessive sweating vary widely. In a

report of 24 adult patients treated with 2 mg, twice
daily, 79% showed improvement (31). A recent
study in the pediatric population showed that 90%
of patients experienced improvement at a mean
dosage of 2 mg per day. Improvement occurred
within hours of dosing and disappeared within a
day of discontinuation. Dry mouth and dry eyes
were the most common side effects, seen in about
30% of patients (37). Many patients begin taking a
single 1 mg tablet once daily and increase slowly
over the course of several months, often to a
maximum of four tablets twice daily. In the young
pediatric population, glycopyrrolate should be pre-
scribed within the standard dosing parameters
of 40-100 mcg/kg/dose, and although it may be
given up to four times daily, twice daily dosing is
often sufficient to control symptoms (38,39).
Patients should stop this dose escalation when
the hyperhidrosis is adequately managed or side
effects become bothersome, whichever occurs
first. The highly polar quaternary ammonium
group of glycopyrrolate limits its passage through
the blood-brain barrier, giving it a lower risk of
central nervous system side effects when com-
pared to other medications of this class.

Oxybutynin has also been prescribed for the
treatment of hyperhidrosis and a recent small
prospective study of 139 patients given the drug
for palmar hyperhidrosis revealed improvement
in 80% of patients, which is similar to reported
improvement rates for glycopyrrolate (40). There
have been no controlled studies in children. Rec-
ommended dosing varies between 5 mg once daily
to a maximum of 10 mg twice daily in adults. For
pediatric patients younger than 5 years of age,
oxybutynin 5 mg/5 mL suspension is dosed at
0.1 mg/kg/dose, given up to three times daily. For
children over the age of 5 years, 5 mg may be given
up to three times daily (41). Dosing of extended
release tablets is not equivocal and practitioners
must take caution to prescribe the appropriate for-
mulation of the medication.

Both oxybutynin and glycopyrrolate have been
used safely in children; however, oxybutynin is the
overall more commonly prescribed oral anti-
cholinergic medication in the pediatric population
when all indications are considered. Safe dosing
standards for these medications in children have
generally been adapted from non-dermatologic
practices and have not been evaluated in controlled
trials for children with hyperhidrosis. Both medica-
tions are generally started at a single, low daily dose
and increased very slowly in order to appropriately
assess both improvements in sweating as well as
potential side effects.
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Conclusion

Hyperhidrosis is a relatively common disorder
that is a substantial burden to affected patients,
interfering with daily activities and causing social
embarrassment. These daily challenges can be
especially detrimental in the pediatric population.
With increased awareness of the diagnosis of
hyperhidrosis and available treatment options, cli-
nicians have the unique opportunity to change
lives. Topical antiperspirants, iontophoresis, botu-
linum toxin A and anticholinergic medications
have all been successful in the management of
pediatric hyperhidrosis and are suggested before
considering surgical intervention.

Websites for organizations such as the Inter-
national Hyperhidrosis Society (http://www
.sweathelp.org) can be extremely helpful resources,
and patients in some geographical areas may have
access to providers and clinics that focus specifi-
cally on the treatment of hyperhidrosis.
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